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Open Tons of Ash . .
. Biogenic
Burning Wood and X PM-2.5 CcO SO, vOC NO,
o q GHG
%o Debris
30% 441,000 901,000 5,000 33,000 90 4,200 600
20% 294,000 601,000 3,000 22,000 60 2,800 400
10% 147,000 300,000 2,000 11,000 30 1,400 200
Notes:

Biogenic GHG results from the combustion or decomposition of biologically-based materials; wood, in this case.
Anthropogenic GHG results from the combustion of fossil fuels. '
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=>+2"/%'Preemptive removals and deaths of ash trees from the Emerald Ash Borer infestation in Minnesota will result in what some describe
as a "wall of wood" debris. Some of this wood will be used by the wood products industry, some will help fuel energy plants (e.g., District
Energy in St. Paul, the University of Minnesota, the Koda Energy plant in Shakopee, and Minnesota Power’s Hibbard generating station in
Duluth), and some will be chipped and used as mulch or for paper pulp. However, for most of the debris, an end use may not be available or
economical and instead it may be managed by open burning or landfilling. The Minnesota Pollution Control Agency is interested in estimating
the potential environmental impacts associated with managing this ash wood stream. The purpose of this analysis is to estimate the tons of ash
wood that will be available in the future and the potential greenhouse gas (GHG) and criteria pollutant emissions from open burning.
Accompanying this spreadsheet analysis is a report (in Word) that summarizes the findings.

=+16,+?(:,$,(/">+0%/" According to the Minnesota Department of Natural Resources (DNR), Minnesota has about a billion ash trees statewide
(source: Rapid Assessment of Ash and Elm Resources in Minnesota Communities, 1/5/07, Minnesota Department of Natural Resources). The
estimates in this analysis rely primarily on the statewide survey of urban trees completed in 2010 by the DNR (DNR 2010 Community Tree
Survey, http://files.dnr.state.mn.us/assistance/backyard/treecare/forest _health/ash _elmRapidAssessment/rapidassessment_AshElm.pdf). The
DNR's statewide, tree estimates are based on survey results of trees located within 66 feet of the roadway's edge in residential and commercial
areas. The figures include both public and private ash trees. The survey will be an under-estimate of total trees to be managed because it did not
include trees beyond the survey boundary. It did not include trees in non-managed areas; however, these trees are likely to die in place rather
than be managed. The emission factors for open burning come from the MN Pollution Control Agency.

7%$4":"-"@7?(3"+(;A6">#S$/("3(<"":; (/4%%S$ (Table 2 includes the DNR's urban, ash tree data for 2010 and "grows" the trees for 9 years to get
current likely sizes. Table 1 addresses the urban forests already decimated by preemptive removals or EAB-related tree deaths in the 50
Minnesota cities that have adopted EAB management plans. Since virtually all of this wood is coming from cities with nearby facilities that
will process the wood into usable mulch, energy plant fuel, or other product, it is assumed that none will be openly burned. This wood is
subtracted from Table 2 before the table estimates the weight of the remaining wood debris. This analysis does not estimate how these future
amounts of wood debris will be processed. Because data is lacking, the analysis relies on very rough estimates in Table 1 and 2 (refer to
highlighted cells). However, the estimates would have to be off by factors of 2 to 4 before they would have a significant effect (+/- 10%) on the
total ton estimate (refer to Table 3, the sensitivity analysis).

7%34":"-"@7?(3"+(%/$16,$1# @[S0 &' () *# (+3($4%($"S,- (9,/$%(/$+9G6idies of the infestation have resulted in an “EAB Death Curve”
that predicts the annual percentage of tree losses. Table 1 on the "Emission estimates" sheet assumes most cities will be able to manage a base
level of the loss equal to 10% of their untreated ash trees each year without resorting to open burning. The “EAB Death Curve” predicts that, on
average, 71% of the ash tree deaths will occur during the peak years (years 8-11). With the assumed 10% base level capacity during the 4 peak
years, 31% of the waste wood generated during the peak years may be subject to open burning (referred herein as the eligible portion of the total
amount of ash wood). Since approximately 71% of the total ash deaths will occur during the 4 peak years, the eligible portion of the entire
amount of waste wood generated by the infestation equals 22% (31% X 71% = 22%). There being no apparent guides to predict the future, the
WoW Estimate includes a range of assumptions regarding the actual percentage of this eligible portion of waste ash wood managed by open
burning: 10%, 20%, and 30% (refer to the “Emission estimates” attachment).

T%$4":"-"@7?(3"+(;561//1"#(%/$16,$%/; (/4% %TaH(e 2 uses a variety of emission factors (listed on the "Emission factors" and "MPCA
emission factors" sheets) to estimate the potential GHG and criteria pollutant emissions from open burning based on a range of assumptions
regarding the percent of the total amount of wood to be burned. Table 4 includes an estimate of the likely annual emissions. It is impossible to
know how long it will take for the infestation to kill virtually every unprotected ash tree in Minnesota. With help from the staff of the
Minnesota Department of Agriculture, the estimate assumed it will be another 30 years before most unprotected ash trees will be infested or
removed (Table 3).

561//1"#(0"62,+1/"#/'( In order to make the scale of the emission estimates easier to understand, Table 2 on the "Emission estimates" sheet
lists the average annual emission estimates for the 3 burning percentage assumptions over this assumed 30-year period, and compares the annual
emissions to those from cars, campfires, and statewide emissions. The sources and assumptions for these comparisons are noted on the
"Emission comparisons" sheet.
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Minneapolis trees (city-owned) 1 38,000
Minneapolis trees (non-city owned) 1 162,000
St. Paul trees (city-owned) 2 26,000
St. Paul trees (non-city owned) 2 110,000
Trees in other cities 3 192,000
B"$,>| | (((((((DEFGHIl-IH
B,L-%(E'(5/$16,$%("3(/$,$%91:%(162,0$/
A--(A/4(B+%%/ .1,6%$%+(,$(R+%,/$(1%1@4$(S.RIT(O;q .1,6%$%+(,$(R+%,/$(1%1@4$(S.RIT(D;{ .1,6%$%+(,$(R+%,/$(1%1@4%(S.RIT(U
V4L #(A/4(="2>-,$1"#(5/$16,$%/ 8">+09
B"S$,- 1%,-$4?  |J"9(K>,-1$? B"S$,- 1%,-$4? J"9(K>,-1$? B"$,- 1%,-$4?  |J"9(K>,-1$? B"S$,- 1%,-$4? J"9(K>,-1$?
Ash trees from 2010 DNR surve 4 2,968,513 2,865,361 103,147 655,958 644,991 10,967 1,125,961 1,081,811 44,150 1,186,589 1,138,559 48,030
Percent of Total 100% 97% 3% 100% 98% 2% 100% 96% 4% 100% 96% 4%
Estimated average 2010 DBH 5 10.6 10.5 11.8 3.0 8.5 17.0
Estimated average 2019 DBH 6 15.5 15.4 16.1 6.8 13.4 21.2
Trees from Table 1 528,000
Net estimate of ash trees, 2019 7&8 2,440,513 2,355,708 84,801 539,285 530,268 9,016 925,690 889,393 36,297 975,534 936,047 39,487
| Estimated future removals:
Estimated removal percentage 9 92.0% 91.7% 100% 100% 100% 99% 100% 80% 100%
Estimated number of trees, 2019 2,244,406 2,159,605 84,801 539,285 530,268 9,016 916,796 880,499 36,297 788,325 748,838 39,487
Estimated DBH, 2019 32,664,687 | 31,279,869 1,384,819 3,667,137 3,605,826 61,311 12,285,066 [ 11,798,684 486,382 | 16,712,485 15,875,359 837,126
Average DBH 14.6 14.5 16.3
Average height (ft.) 10 27 32 47
Estimated ave. dry weight per tree to
be removed (Ibs.) 11 1,155 352 586 2,367
Estimated total weight to be removed | 1,296,611 94,991 268,606 933,014 886,280
(US tons)
Estimated total annual weight to be
removed (US tons rounded to nearest 12 43,000 3,000 9,000 31,000
thousand)
Estimated trees assumed to be 196,103 196,103 8,804 187,209
preserved
Estimated trees assumed to be 8%
preserved as a % of total trees
B,L-%(M'(8%#/1$1*1$?(A#,-2/1/
" n >++96#$(B"$,|  14.#@%(L?( | 4#@%(L?
IHLS S ot Al It
Significance of estimates in Table 1:
Estimates on Table 1 include very rough guesses. What if off by + / - 10% (refer to highlighted cell)? Resultant total ton estimate. 1,296,611 1,324,663 1,268,559
Percent effect on total ton estimate. 2.2% 2.2%
Factor Table 1 could be off to result in a significant effect (+/- 10%) total ton estimate. 4.6 (4.6)
Conclusion: The accuracy of the estimates in Table 1 have minor effects on the total ton estimate. Table 1 estimates could be off by
a factor of 4 before having a +/- 10% effect on the total ton estimate.
Significance of treatment estimates in Table 2:
Tabl? 2 includes very rough guesses of the removal percentages for mature ash trees (refer to highlighted cells). What if off by + / - 1,296,611 1,207,983 1,385,239
10%? Resultant total ton estimate.
Percent effect on total ton estimate. -6.8% 6.8%
Factor Table 2 estimate could be off to result in a significant effect (+/- 10%) total ton estimate. (1.5) 1.5
Conclusion: The accuracy of the treatment estimate in Table 2 has a fairly significant effect on the total ton estimate. The treatment
estimates could be off +/- 50% before having a +/- 10% effect on the total ton estimate.
| | |

8">+0%/"
1_|Source for the number of trees: City of Minneapolis. https://www.minneapolisparks.org/park_care _improvements/invasive_species/terrestrial _invasive species/emerald ash borer/
5 Source for the number of city-owned trees: https://www.stpaul.gov/sites/default/files/Media%20R oot/Parks%20%26%20R ecreation/2017%20EAB%20Annual %20R eport_2018%20Mgmt%20Recs_FINAL_.pdf. Private trees are assumed to
be at the same ratio as for Minneapolis.
More than 50 communities have adopted EAB management plans in Minnesota. It is assumed that none of the trees from these cities will be managed via the open burning of removed trees and that, on average, the cities contain about 4,000
3 ash trees each within the same 66-foot zone used for the MN DNR 2010 Community Tree Survey.
Source: Minnesota Department of Natural Resources survey, DNR 2010 Community Tree Survey. The tree estimates are based on survey results of ash trees located within 66 feet of the roadway's edge in residential and commercial areas. The
4 figures include public and private ash trees. Source: http://files.dnr.state.mn. us/assistance/backyard/treecare/forest_health/ash_elmRapidAssessment/rapidassessment_AshElm.pdf .
5 | Assumed averages are the median DBH for the first 2 categories and 17 for the third.
6 | Trees are "grown" for 9 additional years per the following source: "Predicting Dimensional Relationships For Twin Cities Shade Trees," Lee E. Frelich, Department of Forest Resources, University of Minnesota, June 1992 (refer to "Ash
7 | Derived proportionately from the DNR survey data
Virtually all of the wood debris from cities currently implementing EAB management plans is in quarantined counties that have nearby facilities that will either process the wood into usable mulch or for energy plant fuel. Therefore, it is
8 subtracted from the 2019 statewide amounts. The net amount is proportionately estimated for the 3 DBH categories.
9 _[The estimate assumes a very small percentage of healthy mature trees with a 10-12 DBH and only 20% of large healthy trees would be treated. This is based on a consultation with Jeff Hafner, Consulting Arborist with Rainbow Treecare,
10 | Average height is from the "Ash characteristics" sheet.
Below-ground wood is assumed to be ground in place and not removed for further processing. The green weight of ash is generally about 18% higher than the dry weight (source: https://www.fpl.fs.fed.us/documnts/fpltn/fpltn-218-
1 1931.pdf). Since the emission factors are based the dry weight of wood and theb following equations are based on the green weight, the average weight calculations have been decreased by 18% to make the emission calculations more
<11 DBH (0.26153(D*2)"1.12422*Height"0.93871
>11 DBH (0.10743(D"2))*1.12422*Height"0.93871
Average of both formula (0.18448(D"2))"1.12422*Height"0.93871
12 |Assumes it will take an additional 30 years for most unprotected urban trees to die or be removed (refer to the "Emission estimates sheet).
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B+%696(.%,$4

="//1L-%(P(

o
W%, | P(.%,$4/( 206+(1185(| R>+#96Y EAB "Death Curve"
8 11.5% 423 1.5% /// N
9 24.5% 902 14.5% 7 |
10 24.5% 902 14.5% - |
11 10.5% 386 0.5% £ / ]
8 to 10 71.0% 2,613 31% z |
1t016 100% 3,680 22% Z / |
‘ ) ) ) ) Y;ars After Firs!:EABIn‘festanon ! N
X"$%/"
Peak years and the annual percentage of ash tree deaths are from the "EAB Death Curve." Source: Minnesota Department of
! Agriculture. Downloaded 7/1/19: https://www.mda.state.mn.us/sites/default/files/inline-
2 Assumes 4,000 ash trees per average community and 8% treatment rate (refer to "Amounts of wood" sheet).
Assumes cities can handle without open burning the removals during early years (years 1-7) and final years when all
3 unprotected trees will need removal (years 12-16). During the 4 peak years (years 8-11), it is assumed that a city can manage

10% of removals without burning (this equals about 370 trees for an average city with 4,000 ash trees and an 8% treatment
rate), and that the remainder might be openly burned.

B,L-%(E'(B"$,-(%/$16,$%: (%61//1"#/(3+"6("2%#(L>+#1#@

"3(/4(9"": (:%L+1/(SV8($#I(+">#:%:T

1

V2%t ( | B#/("3(Al4( "o
R>+#1#( <":(,#:( R1 @{;’#l =7QEZD )} 8) e D! X) «
P L+1/ YIY(
30% 389,000 795,000 5,000 | 29,000 80 3,700 500
20% 259,000 529,000 3,000 | 19,000 50 2,500 300
10% 130,000 266,000 2,000 | 10,000 30 1,200 200
X"$%/"

Biogenic GHG results from the combustion or decomposition of biologically-based materials;
wood, in this case. Anthropogenic GHG results from the combustion of fossil fuels.

B, L-%(M'(5/$16,$%("3(/%-%608%: ( ##> - (Y61//1"#/(SY6L//1"#/(1# (VS ($"#/(+">#:%: T

R>+#1#@(80%#,+1'| R1"@%#10(YIY(561/1"#|  8%-%608%: (1+1$%+1,(="-->$,4 I"62,+1/"#/($"(8%,$%91:%(561//1"#/
YIY(
_(R" O/ 84,+0/ "3 /("

Y2%i( | Ad#>,~(B"#1( ) 1"62 +1/"#( re2, (| SHHC3( BAH(S( B4, ("3
Ro+#1 SAAS™( | VBB | g ays\(3(| = €20 D'C g eoznvomt] T ¢ =7 ez e

P (%L +1/(° 0.+TE K s61//1"#/( | s61//1"#/( P |561/1"#1( °
30% 13,000 27,000 6,000 150 120 801,000 0.08% 0.66% 0.20%
20% 9,000 18,000 4,000 100 80 554,000 0.05% 0.44% 0.13%

10% 4,000 9,000 2,000 50 40 246,000 0.03% 0.22% 0.07%
X"'$%/"

Mark Abrahamson, Mn Dept. of Agriculture, predicts that Minnesota will continue to see a spread rate of ~33% of the national
average, or about 1.7 counties per year. That translates to another 20-40 years before EAB is in every county. "In southern Minnesota
we might be seeing a 12-year cycle [as was the case in Eastern cities], but in the Twin Cities I think it is taking longer.” This might
be due to our harsher winters and stronger control measures, e.g., sanitation, preemptive removals, and treatments. This analysis

adopts the midpoint of the estimate by the MN Dept. of Ag.: 30 years.

The figure lists the number of cars that would emit an equivalent amount of GHG emissions in a year. A typical passenger vehicle

(122.096 million 1bs.) Source: https://www.pca.state.mn.us/air/statewide-and-county-air-emissions

2 emits about 4.6 metric tonnes of carbon dioxide per year (4.17 US tons). Source: EPA,
https://www.epa.gov/greenvehicles/greenhouse-gas-emissions-typical-passenger-vehicle
The Minnesota Pollution Control Agency estimated the amount of wood burned in a typical campfire (32.5 1bs., refer to the "MPCA

3 emission factors" sheet). The above figures show the number of typical campfires that would emit criteria pollutants equal to those
from the open burning percentage assumption.

4 Based on statewide emissions in the "Agriculture, forestry, and land use category" for 2016 (most recent year available, 34.323
million US tons). Source: https://www.pca.state.mn.us/air/greenhouse-gas-emissions-data

5 Based on statewide emissions for the "Fire" category in 2014 (most recent year available) for PM, 5 (45.260 million 1bs.) and VOC
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Wood as biomass fuel: °
Wood as biomass fuel (g/US ton) 1,640,000
Wood as biomass fuel (Ibs./US ton) 3,616

Open burning of wood: 5
Open burning of wood (g/kg) 0.19
Open burming of wood (Ibs./US ton) 14.4 0.38 23.6 149 0.4 18.9 2.6
)2%# (L>+#1#@("3(9™: (S-L/Z 14" +$($"#T (((AGHFR (((EMZa ((((((@Ib | (((((E2]] (©OFZb (((Eza

561//1"#(3,0$"+(/">+0%!/"
| Emission Factors for Greenhouse Gas Inventories, USEPA, 11/19/2015, Table 1: https://www.epa.gov/sites/production/files/2015-

11/documents/emission-factors nov 2015.pdf

2 |Data from the "MPCA emission factors" sheet.

Source: "Temperate Forest" emission factor from Table 1 below. The emission factor on Table 1 below is based on green wood and the total

3 |amount of wood on Table 2 on the "Amounts of wood" sheet is dry wood, the the emission factor in the above table has been increased by

18% to enable a more accurate dry-wood-to-dry-wood comparison. Refer to footnote 5 below.

Biogenic greenhouse gases. Incorporates global warming factors: CH, = 25, N,O = 298. Source: Minnesota Pollution Control Agency.

https://www.pca.state.mn.us/sites/default/files/Iraq-2sy 19. pdf

The green weight of ash is generally about 18% higher than the dry weight. The total weights of trees on the "Amounts of wood" sheet have
been decreased by 18% to make them compatible with the above dry-wood emission factors. The exception is the emission factor for N,O.

1"#*00+/1"#/'

5

pounds per gram 0.002205
US ton per kilogram 0.001102
kilogram per US ton 907.185

" Table 1. Emission factors (g kg_]) for species emitted from different types of biomass burning?.

Tropical Forest Savanna Crop Pasture Boreal Temperate Extratropical
Residue Maintenance Forest Forest Forest?
Nitrogen Oxides (NOx as NO) 255 (1.40) 3.9 (0.80) 3.11(1.57) 0.75(0.59) 090 (0.69)  251(1.02) 1.12(0.69)
Nitrous Oxide (N, O) - | . A - - A 041 A 0.16 5021) 0‘3|8 (0.35)

Source: "Emission factors for open and domestic biomass burning for use in atmospheric models,"
S. K. Akagil, R. J. Yokelsonl, C. Wiedinmyer2, M. J. Alvarado3, J. S. Reid4, T. Karl2, J. D. CrounseS, and P. O. Wennberg6, Published in Atmos.
Chem. Phys. Discuss.: 12 November 2010 Revised: 14 April 2011 — Accepted: 15 April 2011 — Published: 3 May 2011. Downloaded 7/17/19:
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Typical fire is 2 bundles of wood.

There are 170 bundles per cord

Per MN analysis each cord is 1.38 tons of wood during 2014/2015 heating season.

Typical fire 0.011764706| 0.008525149] tons/wood

+'> > "

B?2% 8l ="-->$#$ AB">#$ V#1$/ B47’$%?14’_2( ¢ V#1$/| 55/(;];({31&;0(/ V#1$/
E 2104008700 [CO 149 LB WOOD TON 1.270247229 LBS
E 2104008700 (PM10-PRI 23.6 LB WOOD TON 0.201193521 LBS
E 2104008700 [PM25-PRI 23.6 LB WOOD TON 0.201193521 LBS
E 2104008700 [VOC 18.9 LB WOOD TON 0.16112532 LBS
E 2104008700 [METHANE 14.4 LB WOOD TON 0.122762148 LBS
E 2104008700 [NOX 2.6 LB WOOD TON 0.022165388 LBS
E 2104008700 [AMMONIA 1.8 LB WOOD TON 0.015345269 LBS
E 2104008700 (FORMALDEHYDE 1.79 LB WOOD TON 0.015260017 LBS
E 2104008700 (ACETALDEHYDE 1.07 LB WOOD TON 0.00912191 LBS
E 2104008700 [BENZENE 0.686 LB WOOD TON 0.005848252 LBS
E 2104008700 [PHENOL 0.472 LB WOOD TON 0.00402387 LBS
E 2104008700 [SO2 0.4 LB WOOD TON 0.00341006 LBS
E 2104008700 [CRESOL MX IS 0.357 LB WOOD TON 0.003043478 LBS
E 2104008700 [NAPHTHALENE 0.265 LB WOOD TON 0.002259165 LBS
E 2104008700 [BUTADIENE,13 0.157 LB WOOD TON 0.001338448 LBS
E 2104008700 [ACROLEIN 0.123 LB WOOD TON 0.001048593 LBS
E 2104008700 [BENZO(A)PYRE 0.001 LB WOOD TON 8.52515E-06 LBS
E 2104008700 [MERCURY 5.36E-06 LB WOOD TON 4.56948E-08 LBS
E 2104008700 |TCDF,2378 1.25E-09 LB WOOD TON 1.06546E-11 LBS
E 2104008700 (OCDD,TOT 6.66E-10 LB WOOD TON 5.67681E-12 LBS
E 2104008700 [PECDF,23478 6.44E-10 LB WOOD TON 5.48929E-12 LBS
E 2104008700 [PECDF,12378 4.56E-10 LB WOOD TON 3.88683E-12 LBS
E 2104008700 [HXCDF, 123478 3.56E-10 LB WOOD TON 3.03445E-12 LBS
E 2104008700 [HPCDDI1234678 3.16E-10 LB WOOD TON 2.6935E-12 LBS
E 2104008700 [HPCDF1234678 3.00E-10 LB WOOD TON 2.55754E-12 LBS
E 2104008700 [PECDD,12378 2.58E-10 LB WOOD TON 2.19912E-12 LBS
E 2104008700 [HXCDD, 123478 2.50E-10 LB WOOD TON 2.13094E-12 LBS
E 2104008700 [HXCDD,123678 2.50E-10 LB WOOD TON 2.13094E-12 LBS
E 2104008700 [HXCDD,123789 2.50E-10 LB WOOD TON 2.13094E-12 LBS
E 2104008700 [HPCDF1234789 2.34E-10 LB WOOD TON 1.99455E-12 LBS
E 2104008700 [TCDD,2378 2.28E-10 LB WOOD TON 1.94341E-12 LBS
E 2104008700 [HXCDF,123678 2.20E-10 LB WOOD TON 1.87523E-12 LBS
E 2104008700 [HXCDF, 123789 1.98E-10 LB WOOD TON 1.69111E-12 LBS
E 2104008700 [OCDF,TOT 1.67E-10 LB WOOD TON 1.42006E-12 LBS
E 2104008700 [HXCDF,234678 1.65E-10 LB WOOD TON 1.40642E-12 LBS

56,1-(/">+0%'

_+"6" Kuhl-Stennes, Megan (MPCA) <Megan.KuhlStennes@state.mn.us>

8%#$Friday, May 24, 2019 11:16 AM |

B™ Muessig, Philipp (MPCA) <philipp.muessig@state.mn.us>

8>Lc%0$missions factors for wood |

Attached are two versions of a spreadsheet Azra shared with me around wood burning emissions factors. The latter is the sample one she did

for me for a “backyard fire” with some assumptions at the top. It is based on the 2014 emissions inventory. I know this is based on tons of

wood burned so the figures should be correct.

1,6231+%(9%1 @4%

Typical weight of a wood for a campfire (Ibs.) 32.5
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A/4(14,+,0$%+1/$10/
Table 6 from Predicting Dimensional Relationships For Twin Cities Shade Trees, Lee E.
Frelich, Department of Forest Resources, University of Minnesota, June 1992.
https://www. forestry.umn. edu/sites/forestry.umn. edu/files/cfans asset 249769.pdf

Table from How to Weigh a Tree, Shodor Education Foundation, Inc., 2002,
https://www.shodor. org/succeedhi/succeedhi/weightree/math 1 -content. html

0
RI 1%1@4$ Table 6. Predicted dimensions for green ash. - | | | | .
59 24.4 Age Dbh Ht Htw  Htb Cw ca | |
6.8 27.0 3 15 T35 VI S 53} Tree species Size Algorithm (calculates weight in pounds)
7.5 29.0 7 1.9 6.6 4.9 3.0 4.4 28.7 | _
. . . .6 5.9 40.1
8.6 317 s 28 3% 2 33 553 || southem Pine Coastal plane | <5 inches | 0 32214(D2H)0 91330 4
9.7 342 10 3.3 14.5 7.7 4.6 8.6 69.3 | _
10.8 36.4 11 3.8 16.8 8.6 5.1 9.9 86.9
12 4.3 18.9 9.4 5.5 11.2 106.5 |- >5inches | (.19821 (D2)!06419 (}1)0-91330 -
11.4 37.6 13 4.8 20.8 10.3 5.9 12.5 128.0 |- ®9 ® _
12.4 39.5 14 5.3 22.6 11.1 6.3 13.7 151.3
13.4 41.1 o o2 248 13l 571 1 305:3 || Southern Pine Piedmont | <5 inches | 028557 (D2H)092236 ]
14.6 43.0 17 7.0 27.5 13.4 7.4 17.2 230.9
5.6 146 18 7.5 29.0 14.1 7.7 18.3 260.3 [ ] .
: : 19 8.1 30.4 14.8 8.1 19.4 290.9 | >S5 inches | 0.18703 (D?)!05385(3y)092236 -
16.6 46.1 20 8.6 31.7 15.5 8.4 20.4 322.6 | N
17.6 47.4 %; 321 gi.g igé g.g g%: gg:g Hard Hard d 11 inch 21710.92045
. . . . . . B art arawoods < mches B _
18.5 48.7 23 10.3 35.3 17.4 9.2 23.4 423.4 | 038315 (D°H) _
19.4 49.9 24 10.8 36.4 18.0 9.5 24.4 458.5
- - 25 11.4 37.5 18.6 9.7 25.3 494.2 | . —
20.3 51.0 26 11.9 38.5 19.2 9.9 26.2 530.4 | > 11 inches | 0.11710 (D?)!-16763(j1)0 92045 |
21.2 52.1 27 12.4 39.5 19.8 10.2 27.1 567.0
28 13.0 40.4 20.3 10.4 27.9 603.9 | -
22.0 53.1 29 13.5 41.3 20.9 10.6 28.8 641.1 | | Soft Hardwoods < 11 inches | 0.26153(D2)! 124221093871 _
30 14.0 42.2 21.4 10.8 29.6 678.4
31 14.6 43.0 21.9 11.0 30.4 715.8 [ .
32 15.1 43.8 22.4 11.2 31.2 753.2 | 11 inch 241.12422,17110.93871 —
33 15.6 44.6 22.9 11.4 31.9 790.6 2 11 1nches | 0.10743(D9) ()
34 16.1 45.4 23.4 11.6 32.6 828.0 [ .
35 16.6 46.1 23.8 11.8 33.4 865.2 | . o 095220 -
36 17.1 46.8 24.3 12.0 34.1 902.2 | |Sweetgum <11 inches | 0.24512(D?H)-
37 17.6 47.4 24.7 12.1 34.7 939.0 [ .
38 18.0 48.1 25.2 12.3 35.4 975.6 | .
39 18,5 48.7 25.6 12.4 36.1 1011.8 | > 11 inches | 0.09605(D2)! 147541095220 |
40 19.0 49.3 26.0 12.6 36.7 1047.8
41 19.4 49.9 26.4 12.7 37.3 1083.3 | -
42 19.9 50.5 26.8 12.9 37.9 1118.5 | | vellow Popl 11 inch 21110.99008 .
43 20.3 51.0 27.1 13.0 38.5 1153.3 eflow Foplar < 11 inches | 0.16258(D°H)
44 20.8 51.6 27.5 13.2 39.1 1187.7 | -
45 21.2 52.1 27.9 13.3 39.6 1221.6 | . _
46 21.6 52.6 28.2 13.4 40.2 1255.1 > 11 inches | 0.12701(D?)! 04157 (9099008
47 22.0 53.1 28.5 13.5 40.7 1288.1 [ -
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